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ANOMALOUS VOLUME EXPANSION
OF PLUTONIUM ALLOYS

Z. Fisk, R. O. Elliott, R. E. Tate & R. B. Roof

summary

A simple heuristic model for the valence of Pu in its
various phases is used to explain the large posiuve deviations
from Vegard's Law in a-Pu(Al), a-Pu(Ti) and é&-Fu(Sc).

Experimenial Results

The effect of Al and Ti substitutions on the lattice parameters
of the respective isopressed a—phase Pu alloys is shown in Fig 1
It is known from density measurements that these solutes enter
the a-phase substitutionally. The atomic volume of e¢-Pu
is 200 X, while those of Al and Ti are 166 X and m7 £
respectively. In both cases a smaller solute causes a lattice
expansion, the largest effect occurring for trivalent Al

In Figg 2 we show the corresponding data for a-Pu(Sc)
and a-Pu(Zr) Here the atomic volumes for Sc and Zr are
260 X and 233 f respectively. The expansion is similar
for both solutes, there heing a slight departure from Vegard's Law.

In Fig. 3, finally, we show the large positive deviations
from Vegard's Law found in é-Pu(Sc)and a-Sc(Pu).
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Yalence Model

A simple qualitative model which combines valence and
pressure effects provides a framework for discussing these results.
We divide the 8 outer electrons of Pu into "“v" valence and *f"
f—electrons. We suppose that the valence electrons primarily
determine the alloy chemistry of Pu. Experimental evidence
favors the view that the f-electrons are delocalized. Assuming
that the volume changes involved in the transitions v - vii,
t » 1¥1 are similar for 4f and 5f elements, and estimating the
relative volume effects of localized versus delocalized {—electrons
from the 7y-a Ce transition, we conclude that the a -+ 6-Pu
transition corresponds to vy = v,—2 f, = f,+2. Similarly. the
a -+ e¢-Pu transition corresponds to v, = v -1, f, = f +1

The ease with which Pu appears to be able to change its
f-occupancy prompts us to suppose that Pu will try to adopt a
valence that corresponds to the solvent it is dissolved in. The
data for a-Sc(Pu) in Fig. 3 then suggest that Pu with v = 3
f =5 has an atomic volume of 283 A. This is somewhat larger
then the atomic volume of é-Pu, and, in view of the negetive
thermal expansion of &-Pu, indicates that 6-Pu nas a valence
slightly larger than 3. This then gives v = 4, f = 4 for ¢-Pu
end v = 5 f = 3 for a-Pu, the last value being close to
Zachariasen's.

A trivalent impurity in a-Pu encourages neighboring Pu
atoms to become trivalent. Since trivalent or “delta-like"
Pu is much larger than pentavalent a—Pu, the isopressed
a-Pu(Al) alloys will show large positive deviations from
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Vegard's Law. The effect for a—Pu(Ti) alloys will be smaller,
due to the fact that tetravelent “epsilon-like" Pu is smaller
than trivalent Pu.

The anomalous expansicns are not observed in a—Pu(Sc) and
a—-Pu(Zr). Examination of the pressur:—temperature phase
diagram for elemental Pu indicates that <35 kbar suppresses
the § phase;, pressures btetween 3 and 20 kbar will suppress the
¢ phase. A large solute atom such as Sc or Zr in a-Pu
will exert a pressure on neighboring Pu atoms which one can
roughly estimate as of the order of tens of kilobars. This
will suppress the local! valence change of Pu, and we expect,
therefore, a very different effect {or small and large solutes
We finally note that the valence effect is again evident (where
the pressure effect is &absent) in 6-Pu(Sc) alioys

(Fig. 3): the Sc solute atoms push neighborinig Pu solvent
atoms clcser to v = 3.
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Fig. 1. Lattice parameiers a, b, and ¢ for monociinic aPu(Al)
oand aPu(T1) solid solutions versus composition.
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Lattice parameters a, b, and ¢ for monoclinic oPu(Sc)
and oPu(Zr) solid solutions versus composition.
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Fig. 3a. Atomic volumes as o function of composition for

Pu-Sc alloys.

Fig. 3b. Volumes of the Pu ctoms versus Sc content, assum-

ing a constunt volume for the Sc atoms.
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